Epidemiology, risk factors, and outcomes
Invasive pulmonary aspergillosis (IPA) has been increasingly recognized as an emerging and understudied opportunistic infection in critically ill patients without classic host factors reflecting profound immunosuppression as defined by the European Organization for the Research and Treatment of Cancer/Mycosis Study Group (EORTC/MSG) [1, 2] . Impaired immune response following critical illness and particular underlying conditions put patients at risk of IPA [1] . Predisposing conditions frequently met in intensive care units (ICUs) include chronic obstructive pulmonary disease (COPD), corticosteroid (CS) use, decompensated liver disease, acute respiratory distress syndrome (ARDS), severe sepsis, post-sepsis immunoparalysis, and H1N1 virus infection (especially if CS prior to ICU admission) [1, [3] [4] [5] . A recent large retrospective study among ICU patients without traditional risk factors for IPA reported that the most frequent underlying conditions were acute respiratory failure, acute renal failure, COPD, and septicemia/ septic shock [3] . The real IPA incidence in ICU patients is difficult to estimate. Previously reported rates vary widely from 0.017 % to as high as 6.9 % [1, 3] . Despite the availability of novel potent antifungals, IPA continues to carry a dreadful prognosis in ICU patients with reported mortality rates of 46-95 %. The variability in incidence and fatality rates can be attributed to case-mix differences and the problematic diagnosis. Additionally, IPA is associated with considerable morbidity and healthcare costs [3] . For non-immunocompromised critically ill patients, an average length of hospital and ICU stay of 27 and 16 days, respectively, was reported, thereby contributing to a substantial cost burden [3] .
Clinical diagnosis
Initiation of appropriate antifungal therapy at an early stage of the disease (possible IPA) is associated with improved outcomes in non-critically ill patients [6] . However, in ventilated patients clinical and radiologic presentation of IPA is often non-specific, thereby hampering early detection. The strict EORTC/MSG diagnostic criteria perform poorly in patients without the classic host factors, whereas lung biopsy is frequently contraindicated [1, 2, 7] . In patients with Aspergillus-positive respiratory tract samples (1-2 % of ventilated patients), discrimination of colonization from IPA represents a clinical dilemma, as culture results are equivocal [1] . About 20-40 % of these cases may represent IPA, depending on case-mix [1, 7] . A user-friendly clinical algorithm with high negative predictive value can assist clinicians to distinguish colonization from IPA [7, 8] . The clinical Intensive Care Med (2014) 40:723-726 DOI 10.1007/s00134-014-3254-3 algorithm outperformed the EORTC/MSG criteria and probably encompasses a broader proportion of the true IPA burden in ICUs [7] . Limitations of the algorithm include the necessity of a positive respiratory culture, while IPA may evolve in the absence of such diagnostic incentives. Also, given the high sensitivity and low specificity the clinical value of the algorithm is in excluding rather than diagnosing IPA. Additional use of biomarkers may strengthen the diagnostic certainty [9] . Figure 1 illustrates diagnostic pathways for patients with suspected IPA, according to the EORTC/MSG criteria and the clinical algorithm.
Biomarkers
Galactomannan (GM) antigen detection in serum is an effective tool for diagnosing IPA in neutropenic patients. Unfortunately, exposure to mold-active antifungals reduces its sensitivity and diverse factors lead to false-positive results [1, 10] . GM is cleared by neutrophils and data on serum GM detection in non-neutropenic patients suggest that it has limited value for IA diagnosis in such patients. However, GM detection in bronchoalveolar lavage fluid (BAL) may be a useful tool for IPA diagnosis in the nonneutropenic population. An ICU cohort consisting mainly ) for at least 10 days, allogeneic stem cell transplant recipient, prolonged corticosteroids use (at least 0.3 mg/kg/day prednisone equivalent for at least 3 weeks), T cell immunosuppressant treatment during the previous 3 months (e.g., cyclosporine, TNF-a blockers, specific monoclonal antibodies, or nucleoside analogues), inherited severe immunodeficiency of non-neutropenic patients (78 %), using a cutoff index of 0.5 for GM detection in BAL, reported 88 % sensitivity and 87 % specificity for IPA diagnosis compared to only 42 % sensitivity of serum GM [11] . Interestingly, in 42 % of proven IPA cases BAL culture and serum GM remained negative while BAL-GM was positive [11] . In another cohort of medical critically ill patients that included only 12 % neutropenic patients (all in the control group), BAL-GM showed 100 % sensitivity and 89.4 % specificity for proven IPA cases with a cutoff of at least 1 [12] . Importantly, no differences in the mean BAL-GM levels between control neutropenic and control non-neutropenic patients were observed [12] . Moreover, a study of critically ill COPD patients reported that BAL-GM, compared to both serum GM and lower respiratory tract (LRT) Aspergillus isolation, has a better sensitivity in IPA diagnosis. These investigators suggested using a BAL-GM cutoff value of 0.8 [13] . Further studies to assess the utility of BAL-GM in non-immunocompromised critically ill patients are warranted. Also, future development and standardization of methods detecting GM in more accessible respiratory samples, such as tracheal aspirate, would be of great utility for diagnosing IPA.
Other biomarkers offer no advantage compared with GM assays [10] . b-D-Glucan (BG) has demonstrated similar diagnostic accuracy as serum GM in a prospective cohort of non-neutropenic critically ill patients [14] , but in another study it had lower accuracy than BAL GM [12] . It should be noted that BG is both time-consuming/ not user-friendly and gives false-positive results in several conditions including Gram-positive bacteremia, thereby limiting its use in ICUs [10] .
Polymerase chain reaction (PCR) for IPA diagnosis seems to be more sensitive than GM assay, but its use is limited because of lack of standardization of the method and, moreover, it has not been specifically tested in ICU patients [1] . The European Aspergillus PCR Initiative aims to standardize/validate the procedures [10] . This can add several benefits such as tailoring to species level and providing antifungal susceptibilities [10] .
Treatment
As the benefits of timely antifungal treatment seem obvious it is justified to initiate it upon IPA suspicion [6] . Therapy can be continued or stopped according to further diagnostic findings. Voriconazole is the suggested primary therapy for IPA; however, the indication is based in clinical trials that did not include ICU patients [1] . Voriconazole's use may be hampered by several drug interactions as well as renal and liver toxicity [1] . Moreover, voriconazole has a narrow therapeutic index and great intersubject variability of serum levels [1] . Yet, therapeutic drug monitoring can reduce drug discontinuation rates due to adverse events while improving treatment response [15] .
Novel and future therapeutic strategies
Angioinvasion and tissue infarction represent an important hallmark in Aspergillus pathogenesis, leading to impaired fungal clearance and preventing delivery of antifungals to the site of infection [16] . Therefore, modulation of angiogenesis represents a potential future therapeutic target for IA [16] . Other promising targets for modulation of regulatory pathways of Aspergillus include calcineurin, heat shock protein 90 (Hsp90), and the unfolded protein response (UPR) [10] .
However, given the high mortality despite the availability of potent antifungal agents, it appears that any survival benefit is to be expected from an earlier diagnosis rather than new therapeutic regimens. The identification of high-risk profiles for IPA of ICU patients without apparent immunosuppression might help in achieving earlier IPA diagnosis as it would lead to a higher level of suspicion and a lower threshold to perform thorough diagnostic workout for patients at high risk. Epidemiological research aimed at identifying patients at high risk of IPA is ongoing (http://www.aspicu2.org).
Conclusion
Until more potent antifungals become available, a more timely diagnosis seems the only opportunity to improve outcomes of IPA. Diagnostic techniques should improve speed, ease-of-use, and diagnostic accuracy. In this regard it will be important to execute the lab test on readily available samples that do not require complex or potentially dangerous procedures. Large, well-designed studies that will assess the diagnostic accuracy of the newer diagnostic techniques in critically ill patients without apparent immunosuppression are essential. Finally, studies that will assess the effectiveness of the current therapeutic options specifically in the ICU population and that will also provide more pharmacokinetic/pharmacodynamic data on antifungal agents in critically ill patients are needed to optimize drug exposure and to minimize adverse events. Enhancing pharmacological insights and individual tailored therapy with use of therapeutic drug monitoring might as well improve survival and deserves further exploration.
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